The Influence Study on X-ray Irradiation for the Transformer Insulating Oil  by Yu, Hong et al.
Procedia Engineering 23 (2011) 578 – 585
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.11.2550
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia
Engineering
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia
Power Electronics and Engineering Application 
The Influence Study on X-ray Irradiation for the Transformer 
Insulating Oil 
Hong YUa, Jie WEIb, Dada WANGa, Xianping ZHAOc, Xiangyu TAN a, a*
aPostdoctoral workstation of Yunnan power grid corporation,Kunming, 650217, China  
bYunnan power grid corporation, Kunming, 650217, China 
cElectric power research institute, YNPG, Kunming,650217,China 
Abstract 
In order to understand the X-ray influence for the  insulating oil of transformer in charged that is easy to determine 
the application area of the X-ray digital radiography system, it is proposed the research for the insulating oil of 
transformer in charged by the irradiation of the fixed X-ray energy in this paper. The portable high frequency X-ray 
machine is utilized to irradiate for the different oil quality and states of the study in charged. The experimental results 
demonstrate that H2 content of dissolved gas analysis and corona inception voltage of transformer insulating oil will 
be respectively increased and reduced by the irradiation of the portable high X-ray machine on the highest energy. 
And the extent of the increased H2 content and decreased corona inception voltage are all determined by the different 
transformer oil quality and states, the irradiation time of the X-ray. 
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1. Introduction 
It is very important that the transmission and transformation equipments are safe, stable and reliable 
run for the power grid. If the transmission and transformation equipments have been failure, the power 
grid safe is not only endangered, but the huge economic losing will be brought. Thus, the run states of the 
transmission and transformation equipments are in time and accurately held that has the very important 
meaning. Nowadays, the reliability of the transmission and transformation devices is insured by the 
various detection and diagnosis methods in the production field [1-4]. But the probably judgment usually 
only be given by theses techniques. However, X-ray nondestructive detection technique may realize the 
visual display of inside condition to judge the equipment inner situation in the non-disassembly and 
without power cut. But X-ray is applied in the electric transmission and transformation equipment, 
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especially in the oil-filled facility that will cause what kind of influence, which is rarely report at home 
and abroad. Aiming at the instances, in this paper, it is proposed that portable high frequency X-ray 
machine is utilized to research the different oil quality and states insulating oil of the transformer in 
charged. In this paper, the study demonstrates that X-ray has influence for the H2 content of the dissolved 
gas analysis [5] and the initial voltage of the partial discharge. However, the influence extent is decided 
by the quality and states of the transformer oil, X-ray irradiation time. The research production of this 
paper can not only provide the basis of the correlative study, but offer the theory foundation for X-ray 
application scope and condition. 
2. Portable High Frequence X-Ray Machine 
X-ray digital radiography (DR) is the most advanced digital radiography technique at present, which 
has higher superiority than traditional film imaging and computer radiography (CR) [6-7]. DR technique 
holds the virtues of the higher imaging quality, fast imaging, real-time imaging showing and the online 
detection. Thus, this method has wide application prospect. According to some electrical apparatus is lack 
of the effective detection means, DR method can determine the inner instance of the electric power 
facility in the non-disassembly and without power cut. Thus, it is rare detection technique for the 
electrical power facility by the X-ray digital radiography DR means. For getting the influence of the X-
ray for the oil of the oil-filled power equipment in charged, in this paper, it is proposed using the 
maximum energy of the portable high frequency industry X-ray machine at present to study the influence 
for the insulating oil of the transformer. In this paper, the portable high frequency X-ray machine is 
adopted by the Fig 1. 
Fig.1 Portable high frequecny X-ray Machine 
3. The Influence Research on X-Ray for Transformer Oil 
In this paper, the high frequency X-ray machine of industry portable highest energy at present in the 
DR is utilized to study the influence for the different oil quality and states of the transformer. The 
experiment is researched by the X-ray irradiation for the insulating oil of the transformer in charged.  
3.1. Defect of the experimental model 
In order to research X-ray for the influence on the initial voltage of partial discharge and dissolved gas 
analysis, X-ray prompting of the discharge characteristics and properties, the tip defect [8-9] of the 
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experimental model is shown as the Fig 2 (a) in this paper. Fig 2 (b) is a schematic diagram of partial 
discharge detection under X-ray irradiation and in charged. 
Fig.2 (a) the tip defect of the experimental model on X-ray influence for transformer oil; (b) schematic diagram of 
partial discharge under X-ray irradiation and in charged 
In Fig 2 (a), the distance between electrodes is 6mm in the defect model of this paper. And the distance 
between tip and electrode is 4mm in the defect model. In Fig 2 (b), under applied AC high voltage, the 
initial partial discharge and partial discharge map is respectively measured at the X-ray and no X-ray 
irradiation, for getting whether has obvious change of corona inception voltage that is as the influence on 
X-ray for oil-filled electric power equipment in charged.  
3.2. The First Group Experiment 
3.2.1. The experimental condition of the partial discharge 
Fig 3 is the oil corona voltage by ultrahigh frequency partial discharge detection before the X-ray 
irradiation. The oil corona voltage of the Fig 3 is 2.33kV.  
 
Fig.3 the oil corona voltage map before X-ray irradiation 
Fig 4 is the oil corona voltage by ultrahigh frequency partial discharge detection after the X-ray half 
hour irradiation. The oil corona voltage of the Fig 4 is 1.48kV. 
 
Fig.4 the oil corona voltage map after X-ray half hour irradiation. 
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Fig 5 is the oil corona voltage by ultrahigh frequency partial discharge detection after the X-ray an 
hour irradiation. The oil corona voltage of the Fig 5 is 0.61kV. 
 
Fig.5 the oil corona voltage map after X-ray an hour irradiation 
From the first group experment in Fig 3, Fig 4 and Fig 5, we get the corona inception voltage has 
continuously decreased along with increasing the X-ray irradition time. 
3.2.2. The experimental condition of the dissolved gas analysis 
The experimental of the dissolved gas analysis is divided into three steps. The first step is barely put in 
the new oil that is drawn into the test tube from the oil cup, which is used as the reference. The oil sample 
is oil sample one. At the same time, the ultrahigh frequency partial discharge detection is used to detect 
the oil corona voltage, and the corona voltage of ultrahigh frequency is 2.33kV. Hereafter, the 2.40kV is 
pressurized and the X-ray irradiation is irradiated half hour. The second step, continuing pressure and the 
ultrahigh frequency is utilized to measure the corona voltage. The corona voltage of the ultrahigh 
frequency partial discharge equipment is 1.48kV. And the pressure is stop. The oil is taken into the test 
tube, which is used as the oil sample two. The third step, the 1.90kV is pressured and the X-ray an hour 
irradiation is irradiated. The corona voltage is detected by the ultrahigh frequency partial discharge 
equipment that is 0.61kV. And the pressure is stop. The oil is taken into the test tube, which is used as the 
oil sample three. The dissolved gas analysis data of three oil samples are shown as table 1. 
Table 1.The dissolved gas analysis data of the first group experiment 
Oil sample H2 CO CO2 CH4 C2H6 C2H4 C2H2 Total hydrocarbon 
One 0.66 40.66 420.25 1.40 0 0 0 1.40 
Two 16.53 35.42 386.34 1.46 0.63 0.91 0 3.00 
Three 44.95 37.19 390.62 1.78 0.97 1.31 0 4.06 
From table 1, we can see that H2 content is greatly increased along with gaining the X-ray irradiation 
time. 
3.3. The Second Group Experiment 
For comparing with the first group experimental results and ensuring the reliability, in this paper, the 
second group experiment is adopted. 
3.3.1. The experimental condition of the partial discharge 
Fig 6 is the oil corona voltage by ultrahigh frequency partial discharge detection before the X-ray 
irradiation. The oil corona voltage of the Fig 6 is 3.17kV. Fig 7 is the oil corona voltage by ultrahigh 
frequency partial discharge detection after the X-ray half hour irradiation. The oil corona voltage of the 
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Fig 7 is 1.86kV. Fig 8 is the oil corona voltage by ultrahigh frequency partial discharge detection after the 
X-ray an hour irradiation. The oil corona voltage of the Fig 8 is 1.40kV. 
 
Fig.6 the oil corona voltage map before X-ray irradiation 
 
Fig.7 the oil corona voltage map after X-ray half hour irradiation 
Fig.8 the oil corona voltage map after X-ray an hour irradiation 
From the Fig 6, Fig 7 and Fig 8, we can obtain that X-ray has influence for the oil corona voltage, and 
the corona inception voltage is ceaselessly decreased along with adding the X-ray irradiation time.  
3.3.2. The experimental condition of the dissolved gas analysis 
The experimental of the dissolved gas analysis is divided into three steps. The first step is barely put in 
the new oil that is drawn into the test tube from the oil cup, which is utilized as the reference, which is oil 
sample one. At the same time, the ultrahigh frequency partial discharge detection is used to detect the oil 
corona voltage, and the corona voltage of ultrahigh frequency is 3.17kV. Hereafter, the 3.44kV is 
pressurized and the X-ray irradiation is irradiated half hour. The second step, continuing pressure and the 
ultrahigh frequency partial discharge is utilized to measure the corona voltage. The corona voltage of the 
ultrahigh frequency partial discharge equipment is 1.86kV. And the pressure is stop. The oil is taken into 
the test tube, which is used as the oil sample two. The third step, the 3.47kV is pressured and the X-ray 
half hour irradiation is irradiated. The corona voltage is detected by the ultrahigh frequency partial 
discharge equipment that is 1.40kV. And the pressure is stop. The oil is taken into the test tube, which is 
used as the oil sample three. The dissolved gas analysis data of three oil samples about the second group 
experiment is shown by table 2. 
Table 2.  The dissolved gas analysis data of the first group experiment 
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Oil sample H2 CO CO2 CH4 C2H6 C2H4 C2H2 Total hydrocarbon 
One 14.29 54.88 427.91 1.5 0 0.88 0 2.38 
Two 50.89 44.12 368.76 1.48 0.69 1.07 0 3.24 
Three 78.63 48.46 424.74 1.91 1.00 1.5 0 4.42 
From table 2, we can see that H2 content is greatly increased along with gaining the X-ray irradiation 
time. 
3.4. The Third Group Experiment 
For comparing with the first and second group experimental results and ensuring the reliability of the 
experimental results, in this paper, the third group experiment is done. 
3.4.1. The experimental condition of the partial discharge 
Fig 9 is the oil corona voltage by ultrahigh frequency partial discharge detection before the X-ray 
irradiation. The oil corona voltage of the Fig 9 is 3.68kV.  
 
Fig.9 the oil corona voltage map before X-ray irradiation 
Fig 10 is the oil corona voltage by ultrahigh frequency partial discharge detection after the X-ray half 
hour irradiation. The oil corona voltage of the Fig 10 is 2.17kV. 
 
Fig.10 the oil corona voltage map after X-ray half hour irradiation 
Fig 11 is the oil corona voltage by ultrahigh frequency partial discharge detection after the X-ray an 
hour irradiation. The oil corona voltage of the Fig 11 is 1.04kV. 
 
Fig.11 the oil corona voltage map after X-ray an hour irradiation 
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From the Fig 9, Fig 10 and Fig 11, we can obtain that X-ray has influence for the oil corona voltage, 
and the corona inception voltage is ceaselessly decreased along with adding the X-ray irradiation time. 
3.4.2. The experimental condition of the dissolved gas analysis 
The experimental of the dissolved gas analysis is divided into three steps. The first step is barely put in 
the new oil that is drawn into the test tube from the oil cup, which is utilized as the reference, which is oil 
sample one. At the same time, the ultrahigh frequency partial discharge detection is used to detect the oil 
corona voltage, and the corona voltage of ultrahigh frequency is 3.68kV. Hereafter, the 3.78kV is 
pressurized and the X-ray irradiation is irradiated half hour. The second step, continuing pressure and the 
ultrahigh frequency partial discharge is utilized to measure the corona voltage. The corona voltage of the 
ultrahigh frequency partial discharge equipment is 2.17kV. And the pressure is stop. The oil is taken into 
the test tube, which is used as the oil sample two. The third step, the 2.55kV is pressured and the X-ray 
half hour irradiation is irradiated. The corona voltage is detected by the ultrahigh frequency partial 
discharge equipment that is 1.04kV. And the pressure is stop. The oil is taken into the test tube, which is 
used as the oil sample three. The dissolved gas analysis data of three oil samples about the third group 
experiment is shown as table 3. 
Table 3.  The dissolved gas analysis data of the first group experiment 
Oil sample H2 CO CO2 CH4 C2H6 C2H4 C2H2 Total hydrocarbon 
One 0.98 28.94 321.37 1.07 0 0 0 1.07 
Two 32.50 29.74 306.41 1.78 0.44 0.83 0 3.05 
Three 46.21 29.05 330.23 1.66 0.73 1.15 0 3.54 
From table 3, we can see that H2 content is greatly increased along with gaining the X-ray irradiation 
time. 
4. Conclusions 
From the tree group experiment results for oil corona inception voltage and dissolved gas analysis, in 
this paper, it can be got that the oil corona voltage and the H2 content of dissolved gas analysis will be 
decreased and increased in the liquid loading and X-ray irradiation, respectively. And when the time of 
X-ray irradiation is the longer, the corona voltage is more decreased. At the same time, how much is the 
decrease of the corona voltage, which is related with the oil quality and oil condition. And we get the 
conclusion that X-ray has influence for the dissolved gas analysis, mainly, the H2 content is influenced by 
X-ray. And the extent of the X-ray influence for the H2 content has related with the X-ray irradiation time, 
the oil quality and condition. From the experimental results, the conclusion is obtained that X-ray has 
influence for the oil corona voltage and dissolved gas analysis in the pressurized of the transformer 
insulating oil along with X-ray irradiation. 
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